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The Department of Housing and Urban Development initiated Operation BREAK­
THROUGH in May 1969 to demonstrate techniques of quality housing for all income
groups to help meet a critical housing shortage across the country. With this aim in mind,
the Department selected 21 housing systems producers (HSPs) to design and build
housing models on nine specially selected sites in the country.

The purpose of this document is to provide a general record of the transportation,
handling, storage and erection systems employed by each of the BREAKTHROUGH
producers during Phase II and to describe certain methods that appear to offer oppor­
tunities in reducing overall logistics and construction costs while fully protecting the
finished module, panel or component from damage.

In addition, those specific, accepted improvements — in terms of highway and rail trans­
portation standards, procedures or equipment — that resulted directly from the BREAK­
THROUGH experience, have been defined.

Michael H. Moskow
Assistant Secretary for Policy

Development and Research

The Department appreciates the valuable assistance rendered by other federal agencies,
state transportation organizations, the American Association of State Highway Officials
and the railroad and highway transport industries.
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In order to pass on this knowledge in a timely fashion, only the essentials of these sys­
tems have been discussed. No attempt has been made in this document to define each
system in complete detail. Rather, those techniques which appear to be readily useable by
a wide range of building manufacturers are presented.

The all-important transportation-rate issue is not the purpose of this document. There are
other sources in BREAKTHROUGH which address this traffic-management aspect.
Rather, this document addresses the physical transportation and handling processes.

From the last station on the assembly line through all the functions, culminating with the
final erection process, there are many interrelated operations. The planning team (design­
ers, production engineers, logistics managers) should take advantage of optimizing such
operations.

The basic information contained in this publication was furnished directly from the
BREAKTHROUGH participants and/or the files of the Department of Housing and
Urban Development. Because of the innovative characteristic of Operation BREAK­
THROUGH, certain changes in procedure and detail were commonplace. Some of the
methods and techniques described herein may therefore have been subsequently altered
or eliminated. Additionally, several systems have been omitted from this document either
because transportation-related data was not available or because the system's characteris­
tics closely paralled those of other housing systems described herein. The systems not
covered in this document are: Christiana Western, Pemtom, Republic Steel, Rouse-Wates
and Townland. Stirling Homex terminated its agreement with BREAKTHROUGH before
any units were produced.

A comprehensive description of all BREAKTHROUGH Systems is presented in the docu­
ment entitled "Phase I — Design and Development of Housing Systems" published by the
U.S. Department of Housing and Urban Development and can be purchased from the
Superintendent of Documents, U.S. Government Printing Office.

In BREAKTHROUGH, producers were required to prepare plans for transporting the
units from factory to site. Handling and packaging techniques were experimented with in
order to simplify and standardize loading/unloading and erection techniques. Packaging
became a major concern as "all-seasons" building schedules were enforced, and long­
distance shipments were—in some cases—required to meet these commitments. Temporary
storage, at both the plant and building site locations, required careful attention in packag­
ing of the units and was an essential part of the transportation plan.

Erection is the final logistical step, mainly involving vertical or horizontal transfer of the
delivered unit onto its foundation or into the building stack. It is a complex task that
requires extensive planning to maximize productivity and minimize damage.

Economic competition in residential construction is extremely keen. Transportation and
handling costs can often materially contribute to the success or failure of a manufactured
building system. Further, the technical aspects must be sufficiently developed to assure
routine, timely delivery without damage.
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The following description of housing
systems is presented to familiarize the
reader with the wide variety of housing
types, materials and methods employed
by BREAKTHROUGH participants. In
so doing, it is anticipated that the many
phases of movement for factory-built
housing—from the assembly line, through
storage, transportation and erection—will
be brought into clearer perspective.

Under the Operation BREAK­
THROUGH program, housing systems
producers were chosen from over 200
competitors to attain the best possible
balance of technical, financial, managing
and marketing capabilities. Some of the
producers were giant corporations; others
were relatively small firms. The selected
producers utilized housing systems rang­
ing from precast concrete, or wood­
framed modules to units constructed
largely of plastic or metal. Some systems
were already in production when selec­
ted, while others were new and untested.
At the nine prototype sites, a mixture of
housing types demonstrated the inter­
play of different systems.

■
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i COMPLETED ALCOA MULTIFAMILY LOW RISE UNITS

Sites:
Sacramento, California
Macon, Georgia
King County, Washington

The Alcoa system utilized prepackaged
central core service modules and a vari­
ety of site-erected components, includ­
ing wall, roof, partition, and floor pan­
els. The factory-produced service module
included a kitchen, one or more bath­
rooms, laundry facilities and principal
components of the plumbing, heating,
ventilating, air conditioning and electri­
cal services. Lengths ranged from 22 ft.
to 30 ft. depending on the design require­
ments. A uniform 8 ft. width was main­
tained for economical handling and ease
of shipping.

BATHROOM/KITCHEN MODULE UTILIZING
INCOMBUSTIBLE ALCOA ALUMIFRAME

Exterior wall panels were fabricated
from either aluminum or wood framing
and sheathed with fiberboard or ply­
wood. Shop-fabricated Alcoa Alumi-
frame interior partition panels were
used. For the wood-framed walls, 2 in. x
3 in. or 2 in. x 4 in. studs were used as
required. Floor panels consisted of wood
or aluminum framing with plywood sub­
flooring, except for slab-on-grade con­
crete first floors. Panels ranged in lengths
from 4 ft. to 26 ft. Traditional roofing
systems were used throughout.

ALCOA CONSTRUCTION SYSTEMS,
INC.
512 Allegheny Center
Pittsburgh, Pennsylvania 15212
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Boise-Cascade employed two different
framing systems for their stack-on modu­
lar type units which were erected at
three prototype sites. The Sacramento
modules, built in Meridian, Idaho, were
wood-framed structures. The modules
for the Macon and Memphis sites, built
in Arabi, Georgia, were steel-framed
structures. In both the steel and wood
systems, the roof, ceilings, wall and floor
members were spaced 24 in. o.c. in lieu
of ‘he more conventional 16 in. o.c.
'heel framing consisted of light-weight

g.;.} sections welded together to
■ Hie desired configuration. Module

’ mes were formed of heavy gauge

Sites:
Sacramento, California
Macon, Georgia
Memphis, Tennessee

>” x 6" TUBULAR
'-.,0 WALL FRAME

Sizes of the individual modules varied
from 9 ft. to 11 ft. 8 in. in width, and
from 20 ft. to 42 ft. in length, with a
uniform height of 9 ft. Gross weight of
the units varied from 6,500 lbs. to
18,000 lbs. These modular units when
shipped from the factory were complete,
with the exception of minor hook-ups
and trimming out, thus very little addi­
tional on-site construction labor was
necessary.

steel, 3/16 in. thick. Interior surfaces
were painted gypsum while exterior
walls were decorative plywood.

BOISE CASCADE HOUSING CORP.
61 Perimeter Park East
Atlanta, Georgia 30341

1V* 6" FLOOR
JOIST

4 V2‘ x 6" FLOOR
EDGE CHANNEL

V WOOD TRIM^

21*" FIBEROUS GLASS INSULATION
1%"x 3" CEILING JOIST
1V8"x3" CHANNEL
1V2" x 2" METAL STUDS
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BSI's basic structural system was com­
posed of a series of precast concrete
panels produced at a central plant,
trucked to the site and assembled. Essen­
tially, the system consisted of large load­
bearing exterior and interior concrete
panels which supported roof and floor
panels to create an integral structure.
The thickness of the panels varied
according to the structural requirements.
Exterior panels were made up of several

BUILDING SYSTEMS
INTERNATIONAL, INC. (BSD
1414 Peachtree Center
230 Peachtree Street, N.W.
Atlanta, Georgia 30303

layers of materials produced in horizon­
tal casting machines, each layer having a
specific function to perform; i.e., aesthet­
ics, insulation, strength. The panels
contained necessary electrical, plumbing
and heating/ventilation components, so
that only connection to adjoining units
was required. Panels were 8 ft. high and
ranged in length from 8 ft. to 30 ft. Most
floor slabs were 12 ft. by 30 ft.

Site:
Macon, Georgia

BSI PRECAST CONCRETE PANEL BEING PLACED AT THE BUILDING SITE
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The CAMCI method of high-rise con­
struction for muitifamily occupancy was
basically a precast concrete concept
designed to eliminate costly on-site
skilled labor through the utilization of
panel production by semi-skilled plant
labor and reusable forms. This housing
system utilized factory line production
for complete prefabrication of concrete
panels. Mechanical connections were
made to structurally tie all components
together after crane placement of precast

panels. The floor, roof panels and wall
partitions, where required, had windows,
doorsand finish materials in place upon
leaving the factory; however, the me­
chanical and electrical systems were job­
site installed. Wall panels ranged in
length from 22 ft. 11-1/4 in. to 25 ft. 6
in., and in width from 8 ft. 7/8 in. to 9
ft. 2-1/4 in. Typical floor slabs were 25
ft. 1 in. x 12 ft. 1 in. Panels and floor
slabs were approximately 6 in. thick.

CAMCI, INC.
320 W. Fordham Road
Bronx, New York 10453

Site:
Jersey City, New Jersey
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Community Technology Corp. (TRW
subsidiary) introduced a new composite
system in producing townhouse modular
units and single-family detached panel
units. The load-bearing walls, ceilings
and floors of the TRW modular and
panel units were manufactured from a
paper honeycomb core with polyester
resin and fiberglass structural membranes
on both sides and faced with gypsum
board for fire protection. Exterior wall
surfaces were coated with a modified
polyester resin base finish which closely
resembled stucco. The finished system
was appreciably lighter than convention­
al wood frame construction of compar­
able size.

UPPER MODULE OF THE TWO-STORY UNIT BEI
PLACE PRIOR TO SHIPMENT TO THE BUILDINC

COMPLETELY ASSEMBLED TWO-STORY TOWNHOUSE IN
TRANSIT

COMMUNITY TECHNOLOGY CORP.
(TRW)
One Space Park
Redondo Beach, California 90278

The design of the individual panels per­
mitted the modular unit to be assembled
at the main plant, or the panels may be
shipped directly to the building site for
final assembly. The modular townhouse
units for the Sacramento site were as­
sembled some twelve miles away and
transported to the final location as com­
pletely finished two-story housing units.
TRW was the only housing systems pro­
ducer that shipped completely assembled
houses from the factory. The modules
were 21 ft. 4-1/2 in. wide, 9 ft. high and
24 ft. to 32 ft. long. Each unstacked
module weighed approximately 23,000
lbs.

Site:
Sacramento, California



DESCON'S RESIDENTIAL APARTMENT BUILDING - 75% COMPLETED
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Sites:
St. Louis, Missouri
Jersey City, New Jersey

The primary structural components util­
ized by Descon Concordia were precast
concrete floors, walls and beams, fabri­
cated in existing conventional concrete
panel casting facilities. All-weather as­
sembly of these components, using a
mechanical joint system, was accom­
plished at the site. Supplementing these
panels were non-load bearing exterior
composite panels, complete with interior
finish, window and doors to reduce on-
rite labor requirements. The utilities
•vore distributed through this high rise
structure via prefabricated service mod-
.iles which included electrical wiring and

imbing assemblies. The floor slabs
■ ed from 3 ft. 8 in. to 10 ft. 8 in. in

\ 1 h and from 22 ft. 1 in. to 24 ft. 8 in.

in length and 6-1/2 in. in thickness. The
bearing wall panels ranged up to 40 ft. in
length and 8 in. in thickness.

WALL-BRACING USED DURING ASSEMBLY OF DESCON'S
UNITS

DESCON/CONCORDIA SYSTEMS,
LTD.
P.O. Box 239
Montreal 114, Quebec, Canada
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Sites:
Sacramento, California
Indianapolis, Indiana
Kalamazoo, Michigan
Memphis, Tennessee

FCE-Dillon's system featured reinforced,
precast concrete panels augmented with
extensive on-site casting for required
bearing walls, floors, and roof elements.
To reduce the need for skilled labor at
the prototype sites, steel framed me­
chanical core units, containing com­
pletely finished bath and kitchen areas,
were factory fabricated and attached to
a prestressed concrete floor slab prior to
leaving the plant. The cores themselves
contained the primary mechanical sys­
tems including electrical distribution,
plumbing and heating components for
each living unit. Interior partitionsand
facades were factory fabricated using
metal studs and were erected on site as
panels after the primary concrete struc­
tural shell was in place.

FCE-DILLON'S CORE AND PANEL SYSTEM
UNDER CONSTRUCTION AT ONE OF THE
PROTOTYPE SITES

on an 8-ft. by 22-ft. by 8-in. prestressed
concrete slab. This completed module
weighed about five tons. The floor, or
deck slabs, 4 or 6 in. thick, ranged in
width from 5 ft. 7-1/4 in. to 8 ft., and
up to 32 ft. in length. Wall panels, 8 in.
thick, were 7 ft. 11-1/2 in. wide and
ranged in length from 19 ft. to 32 ft. 11
in.

SLAB OF CORE UNIT BEING SET TO MATE WITH
CONCRETE/BEARING-WALL

FCE-DILLON, INC.
1730 Akron-Peninsula Road
Akron, Ohio 44313

J

The elevator shaft was constructed of
precast one-story-high concrete modules
which were put in place with the con­
struction of each floor of the building.
The mechanical core module was built
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A unique feature of the GE modular
system was the use of cast plaster in the
fabrication of the wall system. Galvan­
ized steel studs were embedded into a
special uncured plaster which hardened
around the framing within 30 minutes to
produce a one-piece wall system.

The two-story modular construction,
demonstrated at two sites, utilized wood
frame construction for the floor, ceiling

and flat roof elements in conjunction
with the cast plaster walls. The cast plas­
ter wall system was used for both bear­
ing and non-bearing walls. The factory
assembled modular units were 12 ft.
wide, 10 ft. to 11 ft. high with lengths of
19 ft. and 30 ft. Weight of the modules
ranged from 9,600 lbs. to 19,000 lbs.
Decorative plywood panels were factory
applied to the exterior of the units.

GENERAL ELECTRIC CO. (GE)
Building A: Room 20A-19
P.O. Box 8518
Philadelphia, Pennsylvania 19101

Sites:
Indianapolis, Indiana
Memphis, Tennessee
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LOWERING "TILT UP" MODULE ON FOUNDATION-HERCULES
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Sites:
Macon, Georgia
Kalamazoo, Michigan

The Hercules approach embodied use of
conventional wood framing techniques
to factory-fabricate modular units. The
concept used was unusual in that individ­
ual modules were designed and manufac­
tured to be joined together either in a
conventional horizontal manner or verti­
cally serving full two stories. The two-
story sections were transported in a hori­
zontal position, but once on the site,
they were simply tilted up 90 degrees to
their final vertical position and joined to
other horizontally placed modules. The
resultant townhouses and garden apart­
ments were finished with various exter­
ior siding materials. Size of individual
modules was 12 ft. in width, up to 48 ft.
in length and up to 10 ft. in height.
Weight of the modules ranged from
13,000 lbs. to 19,500 lbs.

HERCOFORM MARKETING, INC.
(HERCULES)
910 Market Street
Wilmington, Delaware 29889



HBC'S WOOD-FRAMED MODULE ON ASSEMBLY LINE

COMPLETED TOWNHOUSE MODULAR UNITS
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Single-family attached and detached
modular housing units were produced
for two of the prototype sites. The units
were typically of wood-frame construc­
tion, with extensive use of glue in com­
bination with nails. Tongue-and-groove
plywood stressed-skin panels, glued and
nailed, were used for the floor system.
Upon leaving the factory, each module
was ready for site erection except for
minor finishing details.

For some units, supplemental prefin­
ished floor and roof components were
supplied in order to provide additional
space in the living unit. Prefinished panel
components were installed between
ndividual modules at the site. This addi-
ional 3 ft. wide space was generally used
or hallway and closet areas and pro­

led flexibility in design in comparison
■ other typical 12 ft. wide modular

. terns. The modules measured 11 ft.
•;h and ranged in length from 36 ft. 9
i. to 48 ft. 9 in. Weights ranged from

>6,000 lbs. to 18,000 lbs.
ASSEMBLED SINGLE FAMILY ATTACHED UNIT - NOTE
SITE ASSEMBLED HALLWAY BETWEEN MODULES

home building corp.
P.O. Box 1213
Sedalia, Missouri 65302

Sites:
Indianapolis, Indiana
Memphis, Tennessee
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The structural system used by Levitt was
typically wood-framed, with additional
strength and rigidity achieved by using a
12 ft. wide plywood stressed-skin floor
panel system. Garden-type apartments
and townhouse units were located on the
sites. In order to conform with maxi­
mum shipping width limitations, and yet
achieve a non-boxlike final appearance, a
system of hinged roof panels and slide-
out three-dimensional window compon­
ents was provided. Once the modules
were on the site, the prefinished items
were rotated or slipped into their final
position to form sloped roofs, roof over­
hangs, balconies, and bay windows. Mod­
ules ranged in length from 28 ft. to 60
ft. and were 10 ft. 2 in. high. The largest
module weight 27,000 lbs.

MODULE ON ASSEMBLY LINE AT LEVITT
BATTLE CREEK PLANT

COMPLETED TOWNHOUSE Uh
OVERHANGS

MULTI FAMILY LOW RISE UNITS AT KING
COUNTY, WASHINGTON

LEVITT TECHNOLOGY CORP.
P.O. Box 155
Battle Creek, Michigan 49016

Sites:
Kalamazoo, Michigan
King County, Washington



SINGLE FAMILY DETACHED UNIT RECEIVING FINAL TOUCH UP AT THE SITE
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Sites:
Sacramento, California
Macon, Georgia
Indianapolis, Indiana
Kalamazoo, Michigan
King County, Washington

FACTORY ASSEMBLED MODULE BEING LOWERED INTO
POSITION AT THE SITE

TYPICAL WALL CONSTRUC­
TION SHOWING CORRUGATED
CORE AND SURFACE
ELEMENTS

MATERIAL SYSTEMS CORP.
(MSC)
751 Citracado Parkway
Escondido, California 92025

Through the use of fiberglass reinforced
polyester composite, MSC developed one
of the more innovative systems in the
Operation BREAKTHROUGH program.
The floor framing system consisted of a
conventional wood joist and plywood
subfloor. Other primary structural ele­
ments, such as exterior, interior walls
and roof, were composed of molded
polyester composite panels. These panels
contained a corrugated-core covered by
reinforced polyester sheets which pro­
vided the strength features of stress-skin
construction. Once off the production
line, the prefinished panels were connect-
•d together by gluing to form the com­
pleted modules in the factory. Both one-
arid two-story flat-roof living units were

oduced and transported to five of the
prototype sites. All modules were 12 ft.
wide, 10 ft. high and ranged in length
from 30 ft. to 52 ft. Modules ranged in
weight from 9,500 lbs. to 18,000 lbs.














































































































































































































































































































